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Abstract 
Based on response spectrum theory, the earthquake response of the spherical tank with seismic isolation is 
investigated. Characteristics and calculation model of a laminated rubber bearing are introduced. In order to 
determine dynamic magnification factor, the dynamic behavior and the earthquake response of the seismic isolation 
spherical tanks are analyzed. The results show that the spherical tank of a key point displacement decreases and the 
control effect of velocity and acceleration is more obvious. The structural seismic performance of spherical tank can 
be improved significantly by applying seismic isolation. 
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1. INTRODUCTION:
Earthquake brings about huge losses in the development of human society repeatedly, which is one of 
the most serious natural disasters facing the human. The world's earthquake occurs about 500 million 
times every year, of which Magnitudes 6 and above is about 100 to 200 times and Magnitudes 7 and 
above is about 18 times. Spherical tank is one of the most commonly used equipment in petro-chemical 
industry. Its storage material is flammable, explosive and toxic as well as corrosive, which brings about 
potential hazards to the public safety. The vulnerability of spherical tanks subjected to earthquake ground 
motion has been exposed in almost every major earthquake. It is necessary to study the behavior of 
seismically excited spherical tanks (Shibata H 1999; Xu Ying et al. 2005; Yang Zhi-rong et al. 2009). 
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Traditional seismic methods is to increase tank wall thickness, increase the strength of steel grades, and 
increase spherical tanks resistance to reduce their earthquake disasters (Zhou Li-jian 2006), which is a 
negative and passive seismic countermeasures. With the development of earthquake engineering, 
theoretical research results on the base isolation and the gradual deepening isolation are rapidly developed 
in the worldwide. With the rapid development of engineering applications, isolation control technology of 
structure is considered the future hope development of earthquake engineering, which will be directly 
facing the twenty-first century and presents new prospects for earthquake disaster prevention (Shrimali M. 
K. and Jangid R. S. 2004; Hou Peng 2003). Based on isolated spherical structure seismic response 
analysis, Wang Zhen (Wang zhen et al. 2008) presents control effect of the earthquake response of 
spherical tank with base isolation, which can provide damping control with reference data. 
In this article, the isolation method in construction is introduced to reduce spherical tank seismic 
disaster. When a small earthquake is encountered, the elastomeric layer installed at the bottom of the 
spherical tank has sufficient horizontal stiffness and the structure remains fixed. When a medium 
earthquake, the isolation system generates horizontal deformation, and the seismic energy which 
effectively separates the ground motion and superstructure will be absorbedˈthus the seismic response is 
significantly low. When a large earthquake, large displacement is constrained by the limit damper system 
of the isolation system, so seismic response of upper structure reduces, and the structure can be ensured 
not to fall and to achieve the purpose of seismic fortification. This model is a positive seismic 
countermeasure. 
2. METHOD OF SEISMIC ANALYSIS 
2.1. Finite element model of isolated spherical tanks under earthquake loading 
For isolated spherical structure, the lateral stiffness of the upper isolation structure layer is usually 
much greater than the level stiffness of that. Because the horizontal displacement of the earthquake is 
mainly in isolated layer and the overall level of the superstructure only do translation, we can 
approximate the upper structure to be a rigid body. Then the dynamic equation will be: 
Mx C x K x Mxgeq h       (1) 
whereˈM C Keq hǃ ǃ are the total mass matrix of the overall structure, the level dynamic stiffness 
matrix of isolation layer, and the level dynamic stiffness matrix of isolation layer respectively. xg is
ground motion acceleration. 
2.2. Modal Analysis 
For the dynamic analysis, the natural frequencies and modal parameters of the sphere tank must be 
first calculated. The mode is calculated by ANSYS software. The theoretical analysis follows that. 
According to the mechanical model, the basic characteristic equation is then: 
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where[ ]K is stiffness matrixˈ[ ]M is the mass matrixˈ^ `i) is the eigenvector mode shape for the 
ith vibration modeZ is natural frequencies of the structureˈ iZ is natural frequency for the ith vibration 
mode
By Solving the characteristic equation (2)˖
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By introducing equation (3) into equation (2) and obtained mode{ }i) .
3. FINITE ELEMENT MODEL SETUP 
3.1. Calculation model 
According to the dynamic equation (1), a finite element model of the sphere tank with isolation is 
established by using ANSYS12.0, which is shown in Figure.1. Computer parameters of the spherical tank 
are shown in Table 1. Material parameters of spherical shell, support and other material are shown in 
Table 2. Figure 1 shows that the spherical tank is supported by 10 pillars made of 560 10I u steel 
pipeline. Rod arranged between adjacent pillars is 20 steel made of 50I . Rubber isolators are installed 
under the various legs of sphere tank. Rubber pad diameter is 0.5m, and the total thickness of rubber pad 
is 0.4m. Rubber isolator is simulated by COMBIN40 unit in the ANSYS. Other physical properties are 
shown in Table 3. Spherical, pillar cover, and the pillar structure are simulated by 8-node shell element 
(SHELL93), and lower pillar is simulated three-dimensional beam element PIPE16. The total number of 
elements is 11,130 and the number of nodes is 31,152. The finite element model is shown in Figure 1. 
Table 1: Computer parameter of the spherical tank (mm) 
Shell radius Shell thickness Pillar length Floor pillar 
thickness 
Pillar plate 
radius 
Connecting
plate radius 
Connecting
plate thickness 
7850 44 13040 54 493 420 44 
Table 2: Material parameter of spherical shell, support and other material 
Material  Elastic modulus (MPa) Poisson’s ratio Material density (kg/m3)
Shell 2.094E5 0.3 7.83E-6 
Other materials 2E5 0.3 7.8E-6 
Table 3: Basic physical properties of rubber isolators 
Shore hardness Shear modulus (MPa) Elastic modulus (MPa) Stiffness k 
40 0.45 1.5 0.85 
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
Fig.1: Finite element model of the spherical tank with seismic isolation 
3.2. Seismic loads determined 
The external cause of earthquake disaster is ground motion which is equivalent to various loads of 
structural analysis, and rapidly changing vibration. Seismic wave propagation in earth media are mainly 
transverse and longitudinal waves. Figure 2 shows the typical Tianjin vertical and horizontal wave. This 
is the acceleration process of recording )(ta .
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Figure 2(a˅: A horizontal acceleration of the seismic excitation; Figure 2(b): A vertical y acceleration of the seismic excitation
4. MODAL ANALYSIS OF SPHERICAL TANK WITH ISOLATION 
Modal analysis is mainly used to determine by natural frequencies and modes of the structure. This is 
important parameters for structural dynamic loads design, while modal analysis is the basement of other 
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dynamic analysis. Calculations of modal analysis method have been carried out for non-isolated sphere 
tank and isolated sphere tank. It is computed by the Blocklanczos method, which is the internal automatic 
use of sparse matrix solver, precision and faster subspace iteration method. This method can overcome 
higher order mode loss defects produced by the subspace iteration method. Because these two modes are 
comparable, the first five mode shapes of the isolated spherical tank are shown in Figure 3. The 
corresponding frequency of each mode is shown in Table 4.  
Table.4.Cycle and frequency of isolated structure and non-isolated structure comparison 
 non-isolated spherical tank Isolation spherical tank 
 cycle (s) frequency (1/s) cycle (s) frequency (1/s) 
The first mode 0.314342 3.1813 0.477578 2.0939 
The second mode 0.192904 5.1839 0.241517 4.1405 
The third mode 0.086267 11.5920 0.10679 9.3642 
The fourth mode 0.075834 13.1867 0.088681 11.2764 
The fifth mode 0.025819 38.7316 0.037827 26.4362 
From the data, natural frequency of spherical tank with isolation has reduced, which has little change. 
It indicates that isolation pads mainly increased seismic damping to enhance the capacity. As can be seen 
from Table 4, cycle of sphere tank with isolation is extended in the isolation system, because the lateral 
stiffness of the isolation pad is smaller than the stiffness of the spherical tank. 
5. TIME HISTORY ANALYSIS AND EFFECTS OF ISOLATION  
By calculating the seismic response of isolated and non-isolated tank (Figure 4(a)), it is known that 
seismic response of the sphere tank with isolation obviously decreases.  
With 8 degree earthquake excitation, the maximum relative displacement, acceleration of 1 to 3 points 
of the sphere tank is shown in table 4. It can be seen from Table 4 that seismic response of the sphere tank 
has significantly reduced. The isolation structure plays a damping effect.  
Results obtained from point 1, 2 and 3 of spherical tank, as shown in Figure.1, have been presented in 
Figure 4(a), (b), (c), where the relative displacement, acceleration earthquake response of isolation and 
without isolation tank is shown. It has been observed that for acceleration it is significantly decreased. 
Calculations done for sphere tank with isolation show that the absolute displacement increases, but the 
relative displacement decreases, that has a great advantage for the structure. It is shown that deformations 
mainly occur in the rubber isolator.  
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˄a˅The first mode 
(b) The second mode (c) The third mode 
(d) The fourth mode (e) The fifth mode 
Figure 3: 1-5 Mode shapes—spherical tank with Seismic Isolation (a),(b),(c),(d),(e) 
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Table 5 Relative displacement, acceleration of point 1 to 3 of sphere tank and damping effect 
Seismic 
intensity
location
Relative
displacement 
of non-isolated 
structures
(mm) 
Relative
displacement       
of isolated 
structures
(mm) 
Decline in the 
relative
displacement 
of isolated 
structure /% 
Relative
acceleration 
of non-
isolated
structures
(mm/s2) 
Relative
acceleration 
of isolated 
structures
(mm/s2) 
Decline in 
the relative 
acceleration     
of isolated 
structure /% 
Magnitudes 
8
Point1 15.1 3.3 78.7 0.7475 0.2614 65 
Point2 15.4 3.5 77.3 0.7547 0.2035 73.1 
Point3 13.2 3.1 76.5 53.4 12.06 77.4 
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Figure 4: acceleration earthquake responses of isolation and without isolation for point1-3 of spherical tank (a), (b), (c) 
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6. CONCLUSIONS 
Based on structural characteristics of rubber isolation spherical tank, a finite element model of 
spherical tank with isolation is established. Taking into account the numerical results for 2200m3 
spherical tanks, the following conclusions can be made:  
(1) With the horizontal and vertical seismic excitation, natural frequency of sphere tank with isolation 
has scarcely changed. It indicates that isolation pads mainly increased seismic damping to enhance 
the capacity. 
(2) Cycle of sphere tank with isolation is extended in the isolation system, because the lateral stiffness of 
the isolation pad is smaller than that of the sphere tank.  
(3) Seismic response of the sphere tank with isolation obviously decreases. It is shown that isolation 
structure plays a damping effect. 
(4) Calculations done for sphere tank with isolation show that the absolute displacement increases, but 
the relative displacement decreases, that has a great advantage for the structure. It is shown that 
deformations mainly occur in the rubber isolator.  
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